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__kernel void dotprod(__global float *x, __global float *y, !
                      __global float *z, int N) !
{ !
    size_t num_groups = get_num_groups(0); !
    int block_size = (N + num_groups - 1) / num_groups; !
    int block_id = get_global_id(0) / get_local_size(0); !
   !
    int block_start = block_id * block_size; !
    int block_end = min(block_start + block_size, N); !
!
    __local float temp[LOCAL_SIZE]; !
!
    int i = get_local_id(0); !
!
    // Phase 1: reduce down to a size that fits in local memory. !
    float t = 0; !
    for(int j = block_start + i; j < block_end; j += LOCAL_SIZE) { !
        t += x[j] * y[j]; !
    } !
    temp[i] = t; !
!
    // Phase 2: sum up the temporary array!
    for(int j = LOCAL_SIZE / 2; j >= CUTOFF; j >>= 1) { !
        barrier(CLK_LOCAL_MEM_FENCE); !
        if(i < j) { !
            temp[i] += temp[i + j]; !
        } !
    } !
!
    if(i < CUTOFF) { !
        z[block_id * CUTOFF + i] = temp[0]; !
    } !
} !
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@cu !
def dot_product(x, y): !
    return sum(map(op_mul, x, y)) !



@cu !
def dot_product(x, y): !
    return sum(map(op_mul, x, y)) !

Black	  boxes	  



Motivation 

Can we have both approaches at once? 
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Approach 

Add support for GPU kernels in Rust, using LLVM PTX target 
 
Use Rust language features to build higher level abstractions 
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Rust 

New systems language from Mozilla Research 
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let shared_vec = @[1, 2, 3, 4]; !
!
!
!
let owned_vec  = ~[1, 2, 3, 4]; !



Rust 

Concurrency-aware memory model 
 
 
 
 
 
 
 
 
 
 
 
Garbage collection is optional 
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let shared_vec = @[1, 2, 3, 4]; !
!
!
!
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Rust 

Zero-cost abstraction 
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Rust 

Zero-cost abstraction 
 
 
Polymorphism by monomorphization 
 
 
Relies heavily on LLVM optimizations 
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Library-based iteration idioms 
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fn range(start: int, stop: int, f: fn(int) -> bool) { ... } !
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Library-based iteration idioms 
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fn range(start: int, stop: int, f: fn(int) -> bool) { ... } !
!
!
!
for range(0, 100) |i| { !
    print(fmt!(“%d\n”, i)); !
} !



26 



GPU Support in Rust 

27 



GPU Support in Rust 

Accomplished by LLVM’s PTX code generation target 

28 



GPU Support in Rust 

Accomplished by LLVM’s PTX code generation target 
 
#[kernel] annotation indicates code that runs on GPU 
 

29 

#[kernel] !
fn add_float(x: &float, !
             y: &float, !
             z: &mut float) !
{ !
  *z = *x + *y !
} !



GPU Support in Rust 

Accomplished by LLVM’s PTX code generation target 
 
#[kernel] annotation indicates code that runs on GPU 
 
Thread ID, etc. are exposed through intrinsic functions 
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#[kernel] !
fn add_vectors(++x: ~[float], !
               ++y: ~[float], !
               ++z: ~[mut float]) !
{ !
  let i = ptx_ctaid_x() * ptx_ntid_x() + ptx_tid_x(); !
  z[i] = x[i] + y[i]; !
} !
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Building abstractions 

Follow Rust idioms when possible 
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Building abstractions 

Mapping 
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#[kernel] !
fn add_vectors(  N: uint, !
               ++A: ~[float], !
               ++B: ~[float], !
               ++C: ~[mut float]) !
{ !
  do gpu::range(0, N) |i| { !
      C[i] = A[i] + B[i] !
  }; !
} !



Building abstractions 

Reduction 
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fn reduce_into<T>(target: &mut T, !
                  init: T, !
                  source: &[const T], !
                  op: fn&(T, T) -> T); !
!
!
#[kernel] !
fn vector_sum(++src: ~[float], !
                dst: &mut float) !
{ !
    gpu::reduce_into(dst, 0f, src, !
                     |a, b| a + b); !
} !
!



Building abstractions 

Stencils 
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fn stencil_into_5pt<T>( !
  shape: (uint, uint), !
  target: &[mut T], !
  source: &[const T], !
  op: fn&(T, T, T, T, T) -> T); !
!
!
#[kernel] !
fn jacobi(++src: ~[float], !
                dst: &mut float) !
{ !
    do gpu::stencil_into_5pt((N, N), !
                             src, !
                             dst) !
    |   u,  !
     l, c, r, !
        d    | { !
!
     (u + l + r + d) / 4f !
    } !
} !
!



Building abstractions 

Rust has a rich set of language features to build higher level abstractions for GPUs. 
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Performance – Kernel Execution Time 
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Fig. 7. Kernel execution times, excluding data transfer times.

both GPU and CPU in order to fully utilize the all the
available system resources by proper load balancing. The main
difference between Sh and Accelerator is Accelerator was built
around a data type abstraction called data-parallel arrays and
the framework takes care of automatically generating kernels
in a pixel shader language. Accelerator completely hides the
underlying GPU hardware from the user while allowing the
user to focus more on the algorithm.

C++ AMP has lot of similarities to the Accelerator frame-
work. The C++ AMP programming model is also built around
multidimensional arrays and hides the explicit data transfer
required in GPU languages like OpenCL and CUDA. In
addition, C++ AMP has built-in support for indexing and
tiling which hides the underlying hardware specific indexing
and tiling. As opposed to this model, our work tries to keep
all the capabilities of CUDA available to programmer while

providing integration between the high-level constructs in Rust
and the GPU programming model. For example, the user can
access low-level CUDA features like block synchronization
and accessing the thread and block index variables.

Jacket [19] is one of the closest related work to ours
which provides support for developing data-parallel programs
in MATLAB, and has the capability to translate MATLAB
and C++ code to CUDA PTX. This framework is built around
a matrix class called a garray and its typed subclasses and
provides constructs like gfor which is a parallel for-loop
implementation.

Work by Cunningham et al. [16] shows how X10 program-
mers can run programms written in the APGAS programing
model on GPUs. Scheduling of kernels on the GPU is based on
APGAS programming constructs such as places, asynchrony
and order. Allocating memory on GPU should be done in host
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Summary 

LLVM simplifies adding low-level GPU support to existing languages. 
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Summary 

LLVM simplifies adding low-level GPU support to existing languages. 
 
Language features can be used to build high level support for GPU programming. 
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Thanks! 

Eric Holk 
eholk@cs.indiana.edu !
!
http://www.rust-lang.org/ !
!
https://github.com/eholk/RustGPU!
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Performance – Memory Transfer Time 
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Fig. 8. Data transfer times between CPU and GPU (including both ways).

code using special API calls and copying memory back also
requires special API calls.

Sponge [15] is a compiler framework for GPUs that gener-
ates optimized CUDA code which is portable across different
GPU generations. Sponge was designed for the sysnchronous
data flow streaming languge StreamIt [20]. Accelerate [21] and
Copperhead [22] are two recent projects which try to bring
GPU programming to Haskell and Python respectively by
providing embedded languages which provide rich constructs
for GPU kernel development. Both these embedded languages
use source-to-source translation where they translate high-
level language constructs to CUDA and has specialied runtime
libraries based on CUDA which provide various runtime
optimizations which matches host language architecture.

One of the main aspects of our work is to come up with
rich set of abstractions using Rust features like macros to

makes it easy to write data parallel computations for GPUs.
We found that Thrust [23], a parallel template library based
on the C++ Standard Template Library (STL), is very similar
to our approach from the aspect of providing standard set of
patterns and templates which makes it easy to implement GPU
computations in C++ while fully utilizing CUDA features.

VII. CONCLUSION AND FUTURE WORK

We have demonstrated that it is possible to use the NVPTX
backend included with LLVM to generate GPU kernels di-
rectly from Rust. These kernels can be loaded using the exist-
ing, although now improved, Rust OpenCL bindings. Because
Rust already compiles through LLVM, we very quickly gained
support for some of Rust’s more advanced features. These
allow us to provide low level GPU programming features
and rely on the expressiveness of Rust to build high level
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